Comprehensive analysis of blood coagulation pathways in teleostei: evolution of coagulation factor genes and identification of zebrafish factor VIIi.
It is not clear how the complex mammalian coagulation pathways evolved from an entirely dissimilar invertebrate coagulation cascade. Comprehensive analysis of pro-coagulant factors and their regulators is lacking in early vertebrates to discern the mechanism of evolution of these genes from the invertebrates. To elucidate the coagulation pathways found in early vertebrates, zebrafish cDNAs/gene orthologues for major coagulant, anticoagulant, and fibrinolytic proteins were identified and characterized by homology to mammalian sequences. We found that zebrafish carry all hemostatic genes present in mammals, providing evidence that the coagulation system of teleosts is nearly identical to mammals. Zebrafish factor VII and X genes were identified and analyzed to reveal a novel factor VII-like gene flanked by the factor VII and factor X genes. This gene encodes a protein homologous to factor VII, but lacks critical residues for factor VII activity. Expression of the factor VII-like protein (named factor VIIi) demonstrated that it functions as an inhibitor of blood coagulation in biochemical assays using zebrafish or human plasmas. Analysis of intergenic DNA between the zebrafish VII/VIIi/X gene cluster and a Drosophila trypsin gene cluster revealed significant homology, and based upon these data, we propose a model for a rapid evolution of coagulation factors from the invertebrates.